A climatology of moisture sources linked with Central American precipitation was computed based upon Lagrangian trajectories for the analysis period 1980-2013. The response of the annual cycle of precipitation in terms of moisture supply from the sources was analysed. Regional precipitation patterns are mostly driven by moisture transport from the Caribbean Sea (CS). Moisture supply from the Eastern Tropical Pacific (ETPac) and Northern South America (NSA) exhibits a strong seasonal pattern but weaker compared to CS. The regional distribution of rainfall is largely influenced by a local signal associated with surface fluxes during the first part of the rainy season, whereas large scale dynamics forces rainfall during the second part of the rainy season. The Caribbean Low Level Jet (CLLJ) and the Chocó Jet (CJ) are the main conveyors of regional moisture, being key to define the seasonality of large scale forced rainfall.
assess the consistency between this variable and the activity of the local moisture source. By comparing Figs. 1 and 2, it can be seen that the strong seasonal signal of evapotranspiration from MODIS is coherent with the seasonal characteristics of the identified supply of moisture from Central America. A maximum evapotranspiration for the area of Patuca National Park, Bosawás Natural Preserve, and Río Plátano Biological Preserve in Honduras is exhibited for March-April-May (MAM).
Other areas with significant evapotranspiration are El Mirador National Park, Sierra Del Lacandón National Park, and Biosfera Maya Biological Preserve in Guatemala, as well as Calakmul Biosphere Preserve and Montes Azules National Park in Mexico . This finding is in good agreement with the highest positive value of (E-P) -10 detected over northern Nicaragua, Honduras and the Yucatán Peninsula. Because evapotranspiration depends on plants (Brummer et al., 2013) , the highest values tend to be found in regions with dense vegetation. Fig. 1.b indicates that the region becomes a strong moisture supplier during the first rainy season (MAM) suggesting the regional importance of surface-precipitation feedback mechanisms. Smaller moisture contributions from the Pacific slope of Central America are consistent with the known horizontal precipitation 'seesaw' between the Caribbean and Pacific sides of Central America. However, a more fundamental analysis is required to establish the link between local moisture supply and evapotranspiration, as well as to quantify moisture recycling and its direct relationship with rainfall.
Annual cycle of moisture transport to Central American precipitation and the role of the LLJs
Moisture transport from each identified evaporative moisture source was computed from the trajectories dataset. The annual cycle of moisture transport from the CS, as shown in Fig. 3 .a, suggests a relatively constant moisture supply to Central America that decreases slightly between September and November, which is a period of intense development of tropical cyclones over the Atlantic basin. More detailed analysis allows us to determine that the overall moisture supply to Central America from the CS shows strong variations across Central America. In fact, computing the moisture transport for the Central American countries reveals significant differences in the annual cycle of moisture transport. Moisture transport from the CS to Belize and El Salvador is small (0.2 Sv), and nearly constant throughout the year, due in part to a marginal exposure to the moist air flow. Transport to Honduras, Guatemala and Nicaragua is consistent with the overall annual cycle depicted in Fig. 3 .a. The main difference is that moisture transport from this source is larger for Nicaragua (up to 1.5 Sv) and is more intense from October to May compared with transport to Honduras and Guatemala. Transport from the Caribbean Sea to southernmost Central America shows a characteristic annual cycle characterised by a more intense moisture supply in December-January-February (DJF). It is worth noting that in summer the transport to Costa Rica and Panama decreases, while increasing for Honduras, Guatemala and Nicaragua at this time. Country estimates of CS moisture transport reflect the strong dependence it has on the position and intensity of the CLLJ.
Moisture supply from the ETPac to Central American precipitation is markedly bimodal, as shown in Fig. 3 .b. Even when this source is an order of magnitude smaller than the Caribbean supply, moisture transport from the ETPac still peaks during the months that characterise the transition to the rainy season. The July minimum is coherent with the intensification America. Unlike the transport from the Caribbean, the bimodal moisture supply pattern is observed for the whole Central American region. Transport is greater to Panama, Nicaragua and Costa Rica, with the two last countries showing the strongest July minimum. The secondary peak of transport to Panama represents up to double the transport that occurs during May (not shown). The fingerprint of the transport of moisture from the GoM is also well defined, with transport increasing during October and continuously decreasing until it falls to a minimum after May (Fig. 3 .c). It can be seen that the interannual variability is relatively small and that extreme values shown as outliers (marks) are significant, showing much stronger transport. The fact that moisture supply from the GoM peaks during a period seeing the entry of mid-latitude systems is highlighted, because this provides information relevant to the links between mid-latitude interaction and rainfall during the dry season. It is also worth mentioning that even when moisture supply is mostly constrained to the northern portion of Central America, Nicaragua receives approximately 0.10 Sv when the source is active.
Local contributions are in broad coherence with the first part of the rainy season in the region (Fig 3.d) . In agreement with the seasonal distribution of evapotranspiration according to MODIS estimates (not shown), Guatemala, Honduras and Nicaragua receive their largest supply from inland evaporative sources, suggesting that moisture recycling could follow a similar annual cycle. This latter view may support the hypothesis of a difference between the first and second parts of the rainy season, which suggests that the second part is driven by large-scale dynamics rather than by the local processes that drive the first part of the rainy season. A rigorous quantification of moisture recycling in the region is key to assessing the role of local contributions to precipitation. This is not a simple matter because vegetation dynamics and temperature are both fundamental parts of the problem, and intensive changes in land use are well known in the region (Aide et al., 2013) .
Transport from the remote evaporative source from the Orinoco and Magdalena river basins peaks in the summer months. It shows a moderate interannual variability and a strong influence of extremes ( Fig. 3 .e). A more detailed country-level analysis reveals a slightly different latitudinal supply regime from this source. While a bimodal annual cycle of moisture supply is observed for Nicaragua and northern countries with maxima in June and September, a single summer peak is seen in the moisture contributions to Costa Rica and Panama. Furthermore, the moisture supply to Panama (max 0.41 Sv) is around twice as high as the transport to Costa Rica (0.19 Sv) and more intense than for the other countries. Supply from this remote source is relevant because it may help us to understand how northern South American processes are connected with Central American rainfall distribution and are further linked with the Caribbean Sea dynamics. Moisture transport from this source is constrained by the availability of moisture, which implies that the supply is dependent on precipitation over the basin and on high evaporation rates. The marked seasonality of the moisture transport from this source is in good agreement with the known annual cycle of moisture sinks in northern South America. In the case of the Orinoco basin, the precipitation follows a similar annual cycle to the moisture supply from Northern South America . Precipitation from the Musinacio station (located by the Mapire river mouth), for example, exhibits a marked peak during June (see Fig. 2 in Dezzeo et al., 2002) reinforced. The red shading in Fig. 6 .c over the Caribbean (and northern Colombia) suggests that a warm ENSO favours the intensification of moisture supply from this source, aided by the strengthening of the CLLJ. The increase of moisture transport from this source under El Niño conditions is consistent with the known surplus of precipitation on the Caribbean slope of Central America for a warm ENSO ( Fig. 11 of Amador 2008) . The composite differences also show good agreement with the proposed moisture conveyor mechanisms as the ETPac supply is reduced for warm ENSO in coherence with the weakening of the south-westerlies over the Pacific.
As a complimentary analysis, the moisture supply from the evaporative sources was computed and the correlation between the moisture transport and the MEI was estimated. Results for the Caribbean and ETPac sources are shown in Fig. 7 . The strongest response to ENSO is observed for moisture contributions from the Caribbean Sea ( Fig. 7 .a) with a contrasting correlation pattern compared to the response of the ETPac moisture supply (Fig. 7.b ). In general, Central America experiences an increase (decrease) of moisture contributions from the Caribbean for warm (cold) ENSO during the transition to the first part of the rainy season. The summer response to ENSO is homogeneous for the Central American region. In contrast, the winter and spring response is heterogeneous, and the regional response becomes more consistent during the transition to the first part of the rainy season. For this period, the moisture supply exhibits a negative correlation, suggesting that the warm ENSO is linked with a reduction in moisture transport derived from a weakened moisture source in the central Caribbean ( Fig. 6.b ). This finding is in good agreement with Maldonado & Alfaro (2012) who highlighted the intensification of dry conditions under warm ENSO. It is clear that the response of the moisture supply to ENSO is largely influenced by its effect on the CLLJ and the mean easterly flow, as shown by their identical ENSO response. However, it is important to note that moisture supply from the Caribbean is not driven by transport alone. In particular, under ENSO conditions energy fluxes become important over the Caribbean as a result of SST anomalies and advection of moisture to the atmosphere. Chikamoto & Tanimoto (2005) showed that specific humidity differences between the air and sea interfaces are related to asymmetric latent heat flux anomalies linked to ENSO activity. These authors also found that near-surface specific humidity anomalies dominate the difference in the air-sea humidity anomaly. Because the boundary layer humidity gradient depends on effective evaporation, it can be argued that both the boundary layer depth and the humidity are fundamental to the role of the Caribbean Sea as an evaporative moisture source (Durán-Quesada 2016, personnal communication). As a result of its intensification the CLLJ becomes not only a moisture conveyor structure but also a mechanism able to enhance evaporation by drag, increase the humidity gradient, and also generate surface cooling (Amador 2008). The CLLJ response to ENSO therefore plays an even bigger role in the modulation of the moisture supply from the Caribbean. Its intensification under warm ENSO increases the moisture transport but also contributes to the increase of atmospheric moisture availability and atmospheric instability, especially in the central Caribbean.
From Fig. 7 .a, it is observed that a warm ENSO favours the intensification of a moisture source to the west of the Central American coast during the winter months. Compared with the climatological moisture supply from the ETPac, this winter contribution intensified by warm ENSO conditions has a different origin. The positive response of the ETPac moisture supply to a warm ENSO during winter (Fig. 7.b) is not completely clear, however. A southward displacement of a weaker 10 295 300 305 310 315 320 than 6 mm/month per year during the summer months was found, affecting eastern Nicaragua, Honduras and northern Costa Rica (green and blue contours in Fig. 9.a) . Positive trends of the same order of magnitude were detected during November for the Caribbean coast of Costa Rica and some regions of Panama (red and pink shading in Fig. 9.b) . Regardless of the significance of these trends, the values are in some cases negligible compared to the monthly accumulates for the region (greater than 400 mm). There is thus no conclusive evidence to establish formal links between moisture supply and precipitation trends. In light of recent records we suggest that large-scale transport processes cannot explain changes in rainfall and that shorter-scale processes such as deep convection and transients must be taken into account in order to explain trends in precipitation. For instance, it is important to know the extent to which extreme events are changing over extended time periods. One other important aspect to consider is how the detected negative trend in moisture supply from the Caribbean to northern Central America is related to ENSO frequency.
Summary
Based on a dataset of global trajectories, it has been possible to identify moisture sources for Central American precipitation over the long term. As a contribution to an earlier analysis (Durán-Quesada et al., 2010) , the present study allowed the generation of a long term climatology of moisture sources for the region. The role of the Caribbean Sea as the main moisture supply is highlighted, and is in agreement with previous studies. Despite the fact that moisture contributions from the ETPac were confirmed to be relatively small compared to moisture exports from the Caribbean, it was determined that the seasonality of this source is a key driver of the annual cycle of precipitation. The strong link between the local excess of evaporation over precipitation, together with satellite estimates of evapotranspiration, suggest that intense moisture recycling is crucial in enhancing the first part of the rainy season. However, a detailed quantification of moisture recycling is needed to provide further evidence of the local moisture feedback. Moreover, it is important to determine the role of moisture recycling in the connection between precipitation and vegetation. This will motivate future studies of precipitation-vegetation coupling during the first part of the rainy season in the region, which could provide information on how vegetation cover and land use may have a deep impact on long-term precipitation trends.
The approach used here was found to be very useful for distinguishing the spatial scale of moisture transport, as well as for assessing the oceanic or continental origin of the moisture linked to Central American precipitation.
The quantification of the moisture supply from the identified sources supports the explanation of the regional distribution of precipitation as forced by different process scales. It was determined that the first part of the rainy season is driven at a strongly local scale, while the second part of the rainy season is primarily driven by largescale processes. The role of the regional low level jets as moisture conveyors is remarkable, as is their influence 13 395 400 405 410 415 420 on enhanced surface evaporation. From this perspective, we suggest the need to improve our understanding of the impact of regional low level jets in modulating moisture advection within the boundary layer, and the impact of this on heat flux transfer.
The results from this study of the moisture supply from northern South America point to the Magdalena and Orinoco river basins as relevant moisture sources for the summer months. The analysis of OLR suggests a 2month lag between deep convection over north, north-west and central Amazon, and the moisture supply from northern South America. Whether Amazon convection plays a role in moisture transport through its connection with the Orinoco and Magdalena basins or by means of another mechanism is not clear. Regardless, the OLR patterns do not appear to provide sufficient evidence of a connecting bridge between Central American weather and climate and Amazon convection related to meridional circulation.
Shown results continuosly remark the importance of the regional LLJs and the interbasin feedback to make the regional precipitation distribution that unique. Being rainfall perhaps the most misrepresented parameter in the models, to pursue the understanding of the CLLJ and CJ origin is fundamental for model improvement in the area. It is suggested that the CLLJ-CJ bridge should be analyzed from the large scale perspective, this is, evaluate how the ITCZ dynamics can provide information on the interaction of these two structures.
The influence of ENSO in the region must be considered carefully, despite its relatively small size, because variables such as precipitation are very complex and involve many different scales. From a broad perspective, the sources of moisture show an opposite response to warm and cold ENSO events, and the intensity of this response is sensitive to the location and origin of moisture. Oceanic sources show a larger response to ENSO compared to the continental moisture sourced identified. Positive correlations were detected between the Niño 34 index and moisture transport from the Caribbean (ETPac) during summer (winter) months. It is worth noting that a negative link was found for the Caribbean Sea transport during the spring months, while a similar response was detected during August for transport from the ETPac. The Increase of summer moisture transport from the GoM to southernmost Central America was detected during warm ENSO events. ENSO forcing of continental moisture transport to Central American precipitation is mostly positive. Local contributions show a strong winter response, while for the case of northern South American transport, this relationship is mostly significant during January and February (June to August) for Nicaragua and Costa Rica (Costa Rica and Panama). It might be expected that the horizontal precipitation seesaw is reinforced, depending on the ENSO phase.
